Introduction Acute coronary syndromes (ACS) in young patients are uncommon and their influence on morbidity and mortality in this population is still debated. Aim We investigated clinical and angiographic characteristics, risk factors and outcome in young patients diagnosed with ACS, compared with those of older patients, evaluating survival free from death and/or nonfatal myocardial infarction (MI) and/or coronary revascularization (primary endpoint), and then with respect to each component of the primary endpoint. Methods We retrospectively analyzed 1696 patients diagnosed with ACS between 2007 and 2013. 116 were aged B45 years (young adults), 1116 were [45 and \75 years (older adults) and 464 were C75 years. Results Young adults were mostly male, with a prevalent diagnosis of STEMI, had less frequently typical cardiovascular risk factors and lower prevalence of extensive coronary artery disease. Over a median 3 years follow up, survival free from composite endpoint was better in young than in older adult patients (11.2 vs. 24.2%; p = 0.001), mainly due to a lower rate of death while the occurrence of non fatal MI and of coronary revascularization was similar (7.8 vs. 8.7%, p = 0.86; 8.7 vs. 12.9%, p = 0.23 respectively). Diabetes was the strongest independent risk factor of worse prognosis in the young cohort (OR 3.47; 95% CI 1.01-11.9; p = 0.04).
Introduction
Coronary artery disease (CAD) and myocardial infarction (MI) affect mostly subjects aged more than 45 years, and are rarely seen in the so-called young adults. The rate of acute coronary syndromes (ACS) in patients aged B45 years is estimated to be between 2 and 10% [1] [2] [3] [4] [5] [6] , while in patients \35 years between 0.7 and 2% [7, 8] and in patients \30 years at 0.4% [9] . Even though patients aged B45 years account for a small proportion of all patients with ACS, young adults are of particular interest for different reasons: first, in this population myocardial infarction may have distinctive features compared with patients [45 years; further, it may influence premature morbidity and impairment on the survival rate in a population with otherwise a long life expectancy; and therefore, it may cause a significant burden on health care costs and society productiveness [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . By now, relatively few studies have investigated the clinical profile and prognosis of ACS in young adults and data about outcome are not conclusive. Notably, even if most of the previous analysis showed a better outcome for young adults affected by ACS [2] [3] [4] 14] , some studies highlighted the possibility of an unsatisfactory prognosis in this population [5, 15] , mainly in long-term follow up.
The aim of this study is to evaluate risk factors, clinical presentation and angiographic characteristics and to investigate outcome and prognostic risk factors of ACS in young patients aged B45 years from a large unselected population admitted in a contemporary coronary unit.
Methods

Study Population
We analyzed data from 1696 patients admitted with a diagnosis of ACS to the Intensive Cardiac Care Unit (UTIC) of Sant'Andrea Hospital, Sapienza University, in Rome between November 2007 and November 2013. Of these, 116 were B45 years old (young adults), 1116 were [45 and \75 -years old (older adults) and 464 patients were C75 years old. Patients aged C75 years were excluded from analysis because of frequent comorbidities and different treating strategies with a potential excess of customized management. The final study population included 1232 patients (Fig. 1) .
A follow-up evaluation of 3.06 ± 2.04 years was obtained for all patients. Median follow up was 3 years (IQ range 1.17-4.9).
Definition
Myocardial infarction (MI) was defined by detection of a rise and/or fall of cardiac biomarker values (cardiac troponin), with at least one value above the 99th percentile upper reference limit and with at least one of the following: symptoms of ischaemia; new or presumed new significant ST-segment-T wave (ST-T) changes or new left bundle branch block (LBBB); development of pathological Q waves in the ECG; imaging evidence of new loss of viable myocardium or new regional wall motion abnormality; identification of an intracoronary thrombus by angiography or autopsy. ST-segment elevation myocardial infarction (STEMI), non ST-segment elevation myocardial infarction (NSTEMI) and unstable angina (UA) were defined according to international guidelines [16] .
Family history of CAD was considered positive if one or more first-degree relatives \65 years if female or \55 years if male, suffered from CAD [17] . Hypertension was defined by current or previous therapy or history of blood pressure [140/90 mmHg. Impaired ejection fraction (EF) was defined as left ventricular EF B45% [18] . Diabetes was considered if ongoing oral or insulin therapy or diet control was provided. Each patient was also classified as non-smoker, active smoker, or ex-smoker, defining non smoking if lasting for at least three months. Overweight was defined by a body mass index (BMI) [25 kg/m 2 and obesity by a BMI [30 kg/m 2 .
Data Collection
All patients' data were retrospectively collected by a cardiology trainee from clinical and electronic charts, webbased clinical databases and clinical imaging storing systems. All patients consented to retrospective anonymized participation into clinical surveys, by signing an informed consent. The consent was administered by paramedic practitioners trained for this procedure, and it was later verified by medical doctors involved in the study. The consent was not designed for the purpose of the present study but a template approved and validated by the local Ethical Committee to process personal data for both hospital procedures and clinical researches and analysis. Confidentiality of the data has been protected through encrypted electronic medical records with reserved limited access.
Demographic variables collected included age, sex, BMI. Hypertension, diabetes mellitus, dyslipidaemia, smoking, previous history and family history of CAD, substances abuse and overweight were considered as cardiovascular risk factors. Presentation symptoms, laboratory findings, electrocardiographic and echocardiographic data at admission were recorded. All angiographic exams details were revised. Both Can Rapid risk stratification of Unstable angina patients Suppress ADverse outcomes with Early implementation of the ACC/AHA Guidelines (CRUSADE) Bleeding Score [19] and Global Registry of Acute Coronary Events (GRACE) risk score were calculated for each patient [20] . 
Outcome Measures
Primary combined endpoint was defined as any occurrence of death and/or nonfatal MI and/or coronary revascularization. We evaluated survival free from primary endpoint in the young adults cohort, and then survival free from each component of the primary endpoint taken into account alone. Outcome data were compared with those of older adults.
The Hospital Information System (HIS) and the Mortality Information System (MIS) of the Public Health Agency of Lazio were interrogated to identify the selected outcomes.
Hospital discharge abstracts included information on patients' characteristics, discharge diagnoses (up to 6) and procedure codes (up to 6) according to the International classification of disease, Ninth Revision, Clinical Modification (ICD-9-CM). The MIS database includes information on demographic characteristics (name, age, gender, place and date of birth, residence, marital status and occupation) as well as date of death.
Statistical Analysis
The SPSS software (Chicago, Illinois; Version 20.0) was used for all statistical analyses. Data are presented as mean ± standard deviation and/or median for continuous variables. Differences in baseline characteristics between age groups were compared using unpaired t test and Pearson v 2 or Fisher's exact test as appropriate. To calculate incidence rate of ACS and of events, the number of new cases was divided by the total number of person-years accumulated during follow up in the study population. Survival free from any occurrence of death and/or nonfatal MI and/or coronary revascularization was displayed using the Kaplan Meier method, with comparison between groups by log-rank. Predictors of survival both in the whole population and in young patients' population were determined by univariate and multivariate Cox regression analysis. All variables were initially included as covariates and those not significantly (p [ 0.10) associated with outcome were removed from the model in a stepwise procedure based on the likelihood ratio test. All p values were two-tailed and values of \0.05 were considered statistically significant. All confidence intervals (CIs) were calculated to the 95th percentile.
Results
Clinical and Angiographic Features of Young Adults
Clinical and angiographic data of young ACS adult patients are detailed in Table 1 .
Mean age of patients aged B45 years was 40.6 ± 5.2 years; 12.9% were younger than 35 years while 72.4% were aged between 40 and 45 years.
STEMI was the most common type of ACS between patients aged B45 years (64, 55.2%).
Typical risk factors, such as hypertension, diabetes mellitus and dyslipidaemia were not common among young adults, while 75% of them were active smokers and 8.6% substance abuser (cocaine or cannabis).
Mean BMI of young adults diagnosed with ACS was 27.97 ± 4.81 kg/m 2 . In particular, 64 patients (55.2%) were overweight and 28 (24.1%) were clearly obese.
Mean EF at admission was 51 ± 10%; 44 (37.9%) young adults had an impaired EF.
All young adults underwent a coronary angiography. Involvement of a single vessel (59, 50.9%) was more frequent than multi-vessel disease (2-vessel disease: 27, 23.3%; 3-vessel disease: 13, 11.2%), and 17 (14.6%) patients showed no lesions or non-obstructive lesions of Eighteen young adults experienced in-hospital complications (15.5%), as recurrent angina after PCI (12, 10.3%), acute intra-stent thrombosis (1, 0.9%), sustained ventricular arrhythmias (3, 2.6%), major bleeding (1, 0.9%), cardiogenic shock (1, 0.9%). Only one patient (0.9%) died during hospitalization, due to heart rupture.
Comparison of Clinical and Angiographic Features Between Young and Older adult ACS Patients
There was a similar distribution for gender and type of MI (most commonly males and STEMI) in both populations. Hypertension (37.1 vs. 65.7%; p = 0.000), diabetes (12.1 vs. 28.6%; p = 0.000), dyslipidaemia (31.9 vs. 50.4%; p = 0.000) and a prior MI (12.2 vs. 21,7%; p = 0.015) were significantly less frequent in young than in older adult patients, whilst prevalence of current smoking (75 vs. 47.5%; p = 0.000) and substance abuse (8.6 vs. 0.6%; p = 0.000) was higher in young adults. There was no statistically significant difference in the prevalence of family history of CAD. A coronary angiography was performed in all young adults (100%) and in 838 out of 1116 adults (94.6%). Extension of atherosclerotic lesions appeared different between the two populations. Even if one-vessel disease was the most common type of CAD in patients aged [45 years old, its prevalence was significantly higher in young adults (50.9 vs. 36.2%; p = 0.000). Moreover, a significant number of young adults had no lesions or nonobstructive lesions of epicardial coronary arteries, compared to older adult patients (14.7 vs. 4.5%; p = 0.000). The rate of in-hospital complications was similar in the two populations (15.5 vs. 13.4%; p = 0.56). Table 1 shows clinical characteristics of the study population and comparisons between young and older adult ACS patients.
Follow Up
A follow-up evaluation of 3.06 ± 2.04 years was obtained for all patients.
The combined endpoint (any occurrence of death and/or nonfatal MI and/or coronary revascularization) occurred in 13 young adult patients and in 270 older adult patients (11.2 vs. 24.2%; p = 0.001). Death occurred in only 1 young adult and in 85 older adults (0.9 vs. 7.6%, p = 0.003), a new MI in 9 young adults and in 97 older adults (7.8 vs. 8.7%, p = 0.86) and coronary revascularization in 10 young adults and in 144 older adults (8.7 vs. 12.9%, p = 0.23) ( Table 2 ).
The overall incidence rate of the combined endpoint was 3 per 100 person/years (IC 95% 1.7-5) for young and 7.6 per 100 person/years (IC 95% 6.7-8.5) for older adults (p = 0.001). The incidence rate of death was 0.2 per 100 person/years (IC 95% 0.04-1.3) for young and 2.4 per 100 person/years (IC 95% 2-3.1) for older adults (p = 0.004). Finally, the incidence rate of new nonfatal MI was 2.3 per 100 person/years (IC 95% 1.2-4.2) for young and 2.8 per 100 person/years (IC 95% 2.3-3.4) for older adults (p = 0.51), whereas the incidence rate of coronary revascularization was 2.3 per 100 person/years (IC 95% 1.2-4.2) for young and 3.6 per 100 person/years (IC 95% 3.1-4.2) for older adults (p = 0.12).
Older age (OR 2.17; 95% CI 1.24-3.81; p = 0.007), EF \45% (OR 1.43, 95% CI 1.12-1.82, p = 0.003) and diabetes (OR 1.30; 95% CI 1.01-1.68, p = 0.04) resulted as independent predictive factors of combined endpoint (Table 3) . Kaplan Meier curves showed a statistically significant difference in combined endpoint and death occurrence between young and older adults (Fig. 2a, b) , but not in new MI and revascularization occurrence (Fig. 2c, d ) during follow up.
In young adult populations, diabetes resulted the strongest risk factor for composite end-point occurrence during follow up (OR 3.47; 95% CI 1.01-11.9; p = 0.04) ( Table 4 ). Kaplan Meier curves showed a statistically significant difference in combined endpoint occurrence between young non diabetic and diabetic patients during follow up (Fig. 3) .
Discussion
Our large single centre cohort study provides a comprehensive and contemporary analysis of young ACS patients, identifying peculiar clinical characteristics and prognostic predictors of this population. These data are of particular interest especially in this current era in which preventive cardiology is given a primary role. ACS in young adults is not a rare circumstance, occurring in a small but significant proportion of patients. In our analysis, prevalence of ACS in young adult population is in keeping with previous studies, in which patients aged B45 years represent about 5-10% of all patients with ACS [4, 5, 21] . Young ACS patients are mostly males, overweight and present typical risk factors as hypertension, diabetes and dyslipidaemia although less frequently than older adult patients. Conversely, active smoking and substance abuse were significantly more frequent in young adults than in older adult patients. Smoking is widely recognized as the most common risk factor between young adults suffering from ACS [2, 8, 13] . Notably, the rate of active smokers found in our population and in other recent cohort is similar to that reported in other older studies [10] , suggesting that still much has to be done to oppose the wide diffusion of tobacco smoking. Substance abuse, in particular cocaine and cannabis, was another common risk factor among young adults. While much is known about cocaine's cardiovascular effects [22] , fewer and not conclusive data are available about cardiovascular risk related to cannabis smoking [23] .
In our study, familiarity for CAD was not significantly more frequent in young adult population than in older adult population. This may in part be explained by the retrospective aspect of the study, causing all information about familiarity to be purely anamnestic and not liable to further verification.
Young adults showed a higher rate of single vessel disease and of no lesions or non-obstructive lesions of epicardial coronary arteries, as previously reported in literature [2, 6, 7, 10, 24] . ACS with no lesions or nonobstructive lesions of epicardial coronary arteries may be associated with vasospasm and endothelial hyperactivity due to substance abuse. However, it might be difficult to differentiate this condition from other circumstances that can mimic ACS, for instance myocarditis and microvascular angina [25] [26] [27] .
Relatively few data are reported about prognosis of ACS in young patients in a medium or long-term follow up. In previous studies young ACS patients showed a better outcome than older adults [3, 4] . In our study, over a mean follow up of 3 years, the combined endpoint of any occurrence of death and/or nonfatal MI and/or coronary revascularization occurred less frequently in young adult patients than in older patients, though this result is influenced by a significantly less occurrence of death. Although age by itself might explain this favourable outcome in young patients, it could also be the consequence of a typical clinical presentation and/or of a lower prevalence of extensive CAD. Moreover, it has been documented that young patients are more likely than older patients to receive guidelines-recommended treatment [8] .
Remarkably, in our study, about 10% of young adult patients suffered from a new MI and/or coronary revascularization. It is indeed of particular interest, the finding that the occurrence of these events was not statistically different between the two populations. As reported in previous studies, the incidence of new MI and/or of coronary revascularization in young adults is similar to that of the older counterpart [2, 5] . Therefore, though mortality is different between young and older adult patients, the comparable morbidity can impair prognosis in young ACS patients over time, considering the longer lifetime of this specific population.
In our study, diabetes appears to be the strongest independent risk factor of worse prognosis not only in the whole population but specifically in young adults. In a previous analysis [13] , which examined more than 840 patients aged \40 years diagnosed with CAD, diabetes resulted to be an important prognostic factor, with a dramatic divergence in survival between young diabetic and non-diabetic patients at medium and at long term follow up.
These findings highlight the importance of a closer attention both in primary and secondary prevention of myocardial infarction, in particular among younger patients.
Limitation of this Study
In the follow up evaluation, we couldn't distinguish the causes of deaths, and therefore we cannot exclude that the higher mortality in older patients might have been also due to non cardiovascular causes. Moreover, it should be highlighted that the fitness of the statistical multivariate models might have been affected by the low number of events among young adults.
Another limitation of our study is that the retrospective analysis might have caused bias in collecting patients' data, in particular those regarding familial occurrence for CAD. Substance abuse rate may also have been underestimated, because purely anamnestic and not always based on analysis of biological samples.
Conclusions
ACS in young adults occur in a small but significant proportion of patients. Patients aged B 45 years old diagnosed with ACS show peculiar clinical characteristics and risk factors. Even though clinical outcome of this population is better than that of older patients, this is mainly due to a lower rate of death during follow up. Notably, the incidence of new MI and of coronary revascularization did not differ between young and older ACS patients. Diabetes independently predicted a worse prognosis, particularly in young adults. These findings highlight the need of a peculiar control of lifestyle and call for major efforts in primary and secondary prevention health care programmes.
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